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最优的原因。结果表明，HNO3+KBF4 水热媒介，增大了 TiO2 表面羟基基团含量，




呈现高光催化活性，是 P25 的 2.4 倍。因此，水热最佳温度为 180℃。 
3、以 La 掺杂的钛酸纳米管为原料, 采用水热法，以 HNO3+KBF4 为水热媒
介，制备了(La,F)-TiO2 光催化剂。讨论了 La,F 的协同作用对光催化剂(La,F)-TiO2
活性的影响:以 TiO2-xFx 形式存在的 F 增加了表面羟基，以 La2O3形式存在的 La
抑制了表面载流子的复合，延长了载流子寿命，提高了光催化效率。(La,F)-TiO2
光催化活性最高，表观速率常数是 P25 的 3.96 倍，是 F-TiO2 的 1.6 倍。 

















Titanium dioxide (TiO2) has been attracting intense attention as photocatalyst 
because it has been proven to be the most suitable for widespread environmental 
applications, due to its cost effectiveness, high photocatalytic activities and 
nontoxicity. Titanate nanotubes with large specific surface area and pore volume have 
appeared to be a promising prospect due to their fascinating microstructures since the 
innovative work reported by Kasuga. However, titanate nanotubes have poor 
crystallinity and almost no photocatalytic activity. Therefore, it is a challenging and 
hot topic to prepare high photocatalytic activity TiO2 using titanate as precursor. 
Therefore, in this thesis, our research focuses on the synthesis of TiO2 with high 
activity and crystallinity through hydrothermal method and using titanate as precursor. 
The photocatalytic materials of F-TiO2 and (La,F)-TiO2 with higher activity than P25 
were successfully prepared and characterized by SEM, XRD, FTIR, XPS, and UV-Vis 
DRS. The photocatalytic activity was evaluated by photocatalytic degradation of 
methyl orange. The main work of this thesis is following: 
    1、TiO2 with high crystallinity and high photocatalytic activity was prepared in 
hydrothermal media of H2O, HNO3, KBF4 and HNO3 + KBF4 solutions, respectively, 
under 180℃ for 24h using hydrogen titanate nanotubes as the precursor. The 
influence of hydrothermal media on crystallinity, hydroxyl group content and 
photocatalytic activity of the obtained TiO2 was studied. The results show that the 
anatase TiO2 prepared in HNO3 + KBF4 hydrothermal medium has higher crystallinity, 
more hydroxyl group thus higher photocatalytic activity comparing with other three 
hydrothermal media. 
    2 、 F-TiO2 with high crystallinity and high photocatalytic activity was 
successfully prepared by hydrothermal treatment using hydrogen titanate nanotubes as 
precursor in HNO3 + KBF4 solution. The hydrothermal temperature was controlled 















on the catalyst surface increase as hydrothermal temperature increasing. F-TiO2 
synthesized at 180℃ shows the highest photocatalytic activity, which is 2.4 times of 
P25. The best thermal temperature is 180℃. 
    3、(La,F)-TiO2 with high photocatalytic activity was successfully prepared by 
hydrothermal treatment using La-doped hydrogen titanate nanotubes as precursor in 
HNO3 + KBF4 solution. The photocatalytic activity can be influenced by the 
synergetic effect of flurine and lanthanum. The formation of TiO2-xFx increases 
hydroxyl content on the catalyst surface; The formation of La2O3 efficiently separates 
the surface charge of TiO2, inhibites the recombination of photogenerated 
electron-hole pairs and prolongs the lifetime of charge carrier, thus improves the 
photocatalytic activity. (La,F)-TiO2 shows the highest photocatalytic activity, which is 
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以 TiO2 为基的光催化剂是最有潜力的光催化材料之一[6, 7]。TiO2 光催化剂光
照后不发生光腐蚀，耐酸碱性好，化学性质稳定，对生物无毒性；能隙较大，产
生光生电子和空穴的电势电位高，有很强的氧化性和还原性。在近年的研究中，












































































图1.1 TiO2 光催化过程中电子-空穴的产生与失活示意图[16] 
Fig. 1.1 Schematic diagram of the birth and recombination of electron-hole in 
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